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CONVERSION OF AMMONIUM PICRATE 
TO M-PHENYLENEDIAMINE, ANILINE, AND 

PRIMARY AMINES 

This application claims priority of Provisional Applica 
tion 60/065,844 ?led Nov. 17, 1997. 

FIELD OF THE INVENTION 

The present invention relates to a multi-step process for 
converting an explosive material, such as “Explosive D”, 
ammonium picrate, to useful products, such as 
m-phenylenediamine, aniline, and primary aliphatic amines. 

BACKGROUND OF THE INVENTION 

There is a need to destroy, or reclaim, explosive materials 
as part of the demilitariZation effort. Procedures convention 
ally used to demilitariZe conventional munitions include 
incineration of reclaimed explosives and open burning or 
detonation. Some explosive materials, such as ammonium 
picrate, also knoWn as Explosive “D”, are of high enough 
purity to be economically suitable for conversion to higher 
value chemicals. 

The destruction of nitrogen-containing explosives has 
been the subject of various disclosures. For example, Ger 
man patent publication DE 413147-A1 discloses the hydro 
genation of nitro-aromatic explosives in the presence of an 
alcohol solvent, hydrogen, and a catalyst at a temperature of 
about 40° C. to 100° C. Also, US. Pat. No. 4,661,179 
discloses a process for destroying Waste explosives contain 
ing nitro, nitrate, or nitro and amino groups by hydrogena 
tion. Further, US. Pat. No. 5,582,119 teaches a method for 
destroying explosive Waste, such as those containing ammo 
nium picrate, by use of a vessel containing a hot granular bed 
of sand to ignite the Waste and to dampen explosive forces 
generated by its ignition. 
US. Pat. No. 5,530,175 discloses a process for converting 

ammonium picrate to oxygenated products, particularly hyd 
roquinone or cyclohexanediol and ammonia, by hydrogena 
tion over a supported Group VIII metal catalyst. The ammo 
nium picrate is dissolved in a suitable solvent, then 
hydrogenated at a temperature of about 25° to 250° C., 
folloWed by separation of the resulting products and ammo 
nia. 

It is also knoWn in the art that ammonium picrate can be 
converted to picric acid by acidi?cation With a strong acid, 
at an appropriate pH and acid/salt ratio in an aqueous 
system. The concentration of picric acid must be kept 
relatively loW because as the concentration of picric acid 
increases, its rate of formation decreases. 

While there exists methods for converting ammonium 
picrate to more useful products, such as to picric acid, there 
remains a need for processes that can do so more economi 
cally. 

SUMMARY OF THE INVENTION 

In accordance With the present invention there is provided 
a process for converting ammonium picrate to 
m-phenylenediamines. The process comprises: 

a) reacting the ammonium picrate With a strong inorganic 
acid in an aqueous medium, thereby producing picric 
acid and the ammonium salt of the strong acid; 

b) separating said picric acid, from the ammonium salt, by 
dissolving it in an organic solvent; 

c) hydrogenating said picric acid With a hydrogenation 
catalyst at suitable conditions thereby converting the 
picric acid to triaminophenol; 
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2 
d) removing the hydroxyl group from said triaminophenol 

by reacting it With a hydrogen-containing treat gas in 
the presence of a hydrotreating catalyst, at suitable 
hydrotreating conditions, thereby converting said tri 
aminophenol to triaminobenZene; and 

e) removing one or tWo of the amino groups from triami 
nobenZene to produce the corresponding 
m-phenylenediamine, aniline, or aliphatic primary 
amine by reacting said triaminobenZene With a 
hydrogen-containing treat gas in the presence of a 
hydrotreating catalyst at suitable hydrotreating condi 
tions. 

In a preferred embodiment of the present invention, the 
reactor used for the hydrogenation of picric acid step is a 
slurry reactor Which is capable of dissipating heat generated 
during the hydrogenation reaction. Heat must be dissipated 
to avoid the decomposition of the aminophenol 
intermediate, particularly the ortho isomer. 

In another preferred embodiment of the present invention 
the hydrogenation catalyst is comprised of transition metal, 
preferably a noble metal, on an inorganic refractory support. 

In still another preferred embodiment of the present 
invention the hydrotreating catalyst of steps c) and d) is 
comprised of a Group VIII metal selected from Ni, Fe, and 
Co, and a Group VI metal selected from Mo and W, on an 
inorganic refractory support. 

In yet another preferred embodiment of the present inven 
tion steps c) and d) are combined. 

In another preferred embodiment of the present invention 
the strong acid is selected from the group consisting of nitric 
acid, sulfuric acid, and hydrochloric acid. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will typically be practiced by ?rst 
converting ammonium picrate to picric acid, Which is then 
converted to triaminophenol by the conversion of the ring 
nitro groups to amino groups. The triaminophenol is then 
converted to triaminobenZene by the removal of the 
hydroxyl group and triaminobenZene is then converted to 
m-phenylenediamine and aniline by the removal of one or 
tWo amino groups respectively. Such a process avoids the 
production of diaminophenols Which do not have as large a 
commercial market compared to aromatic amines (i.e., 
phenylenediamines). 

The ?rst step of the multi-step process of the present 
invention is the conversion of ammonium picrate to picric 
acid by acidi?cation in an aqueous medium. The acidi?ca 
tion of ammonium picrate to picric acid is knoWn in the art 
and is generally performed in an aqueous medium Wherein 
ammonium picrate is reacted With a suitable acid, typically 
a strong acid, such as a mineral acid, at an effective pH and 
Within a suitable acid/salt ratio. As the acidi?cation reaction 
proceeds, the concentration of picric acid in the aqueous 
phase increases to a level that Will signi?cantly sloW the 
acidi?cation reaction, thus severely affecting the economics 
of the process. Consequently, it is necessary to maintain a 
relatively loW concentration of picric acid in the aqueous 
phase in order to maintain acceptable acidi?cation reaction 
rates. 

Co-pending U.S. Provisional Application 60/058,292, 
?led Sep. 9, 1997, and incorporated herein by reference, 
teaches a tWo phase system for producing picric acid from 
ammonium picrate. Both phases are liquid, Wherein one 
phase is an aqueous phase in Which the acidi?cation reaction 
takes place, and the other is an organic phase in Which the 
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picric acid is soluble. Thus, the acidi?cation reaction is not 
adversely affected by the production of picric acid because 
as the picric acid is formed it dissolves into the organic 
phase, thereby keeping the concentration of picric acid in the 
aqueous phase relatively loW. The organic phase is com 
prised of an organic solvent in Which picric acid is substan 
tially more soluble than ammonium picrate. Organic sol 
vents Which are suitable for use in the practice of the present 
invention are those Which have a relatively loW vapor 
pressure (boiling point), and in Which the picric acid Will 
readily dissolve, and Which have substantially negligible 
aqueous solubility. In other Words, the organic solvent is one 
Which has a relatively loW partition coefficient With respect 
to the aqueous phase, but into Which the picrate acid has a 
relatively high partition coef?cient. That is, the picric acid 
Will strongly favor the organic phase over the aqueous 
phase. Preferred solvents include toluene and xylene, as Well 
as other suitable organic materials (oxygenates). Further, the 
use of an organic solvent increases the ef?ciency of the 
acidi?cation process since a smaller acid-ammonium picrate 
contact volume for producing a given amount of picric acid. 
The solubility of picric acid in many commercially available 
organic solvents (i.e. toluene) is 5 to 25 times higher than its 
solubility in Water. The use of an organic solvent With a loW 
aqueous solubility and high vapor pressure simpli?es the 
picric acid recovery step. The Water insoluble organic phase 
containing the picric acid product is separated from the 
aqueous phase using conventional state of the art oil-Water 
separation technology. 

Acids suitable for use for the acidi?cation reaction are 
those acids Which are strong enough to effectively acidify 
ammonium picrate to picric acid in an aqueous medium. A 
strong acid is needed in order to provide the hydronium ions 
necessary to produce picric acid. The speci?c acid and 
concentration level depends upon several technical issues 
Which ultimately affect process economics. The amount of 
acid needed Will depend upon such things as the equilibrium 
of the acidi?cation reaction as Well as the impact on the 
solubility of the resulting acid and salts. Non-limiting 
examples of such acids include the mineral acids selected 
from the group consisting of sulfuric acid, nitric acid, and 
hydrochloric acid. Nitric acid is a preferred acid because it 
Would produce a product ammonium salt Which has com 
mercial value in the agricultural industry. Sulfuric acid is 
also a preferred acid because the salt by-product, aluminum 
sulfate, also has commercial value, including use in agri 
cultural applications. 

The tWo-phase process can be practiced in any suitable 
manner as long as the tWo liquid phases are present during 
the formation of picric acid and before the concentration of 
picric acid reaches unacceptable high levels in the aqueous 
phase. For example, the strong acid can be added to an 
aqueous solution of ammonium picrate, thereby resulting in 
an acidi?cation reaction Wherein picric acid is produced 
along With the corresponding salt. The amount of acid 
needed Will depend on such things as the level of pH needed 
to ensure relatively high picrate acidi?cation. Typically the 
pH Will be less than about 5, for example betWeen about 3 
and 5, although a loWer pH may also be used. The organic 
solvent is then added before the concentration of picric acid 
increases to a level that Would signi?cantly decrease the rate 
of acidi?cation. The concentration of ammonium picrate in 
Water can vary depending on such things as the desired 
quality of the product picric acid. It is preferred that less than 
about 20 Wt. %, more preferably less than about 15 Wt. % of 
ammonium picrate be present, based on the total Weight of 
ammonium picrate and Water. Of course, the temperature of 
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4 
the aqueous solution Will play a role in the potential con 
centration of ammonium picrate. For example, the solubility 
of ammonium picrate Will increase With increasing tempera 
tures. The organic phase, containing the picric acid, can be 
draWn off and the picric acid separated from the organic 
solvent by conventional separation techniques, such as by 
?ashing the solvent and recovering the remaining picric 
acid. The organic solvent can then be recycled. 
As the acidi?cation reaction proceeds, in either the single 

aqueous process or the tWo phase process, the concentration 
of salt in the aqueous phase Will increase to unacceptable 
levels. When this happens, a fraction of the salt-containing 
aqueous solution can be WithdraWn and the salt recovered by 
conventional techniques, such as in a crystalliZer vessel. 
This Will help ensure that the level of salt be maintained at 
a level that Will not adversely effect the acidi?cation reac 
tion. 

Another process scheme can be envisioned Wherein a 
mixture of Water and organic solvent are provided into 
Which is added ammonium picrate and a strong acid. The 
mixture is then thoroughly stirred and the organic phase 
containing the picric acid draWn off and passed to a sepa 
ration step Where the picric acid is separated from the 
solvent by conventional thermal based processes. The sol 
vent can then be recycled for reuse. 

A solvent Wash may be employed With any of the process 
options to achieve higher product purity and to avoid the use 
of excess acid or Water. The limited solubility available thus 
far indicates that picric acid has a relatively high solubility 
in ethyl alcohol compared to ammonium picrate (7.5 versus 
0.35 gms/100 gms Water When no acid is present). 
Consequently, an alcohol Wash may be effective in removing 
trace acid, Water, and/or dissolved ammonium salt. 
The picric acid, in the organic solvent, from the above 

step is passed to a hydrogenation Zone Where it is catalyti 
cally hydrogenated With a hydrogen-containing treat gas, 
preferably hydrogen. Suitable conditions are used to convert 
the nitro groups of picric acid to amino groups, thereby 
producing the corresponding triaminophenols. Picric acid 
from other sources can also be processed in accordance With 
the present invention, either as a separate feedstream, or 
blended With the picric acid obtained in the above acidi? 
cation reaction. Any suitable hydrogenation catalyst may be 
used for this step. Non-limiting examples of such hydroge 
nation catalysts include those containing Group VIII metals, 
such as Pt, Pd, Rh, Ni, and Co, and mixtures thereof. The Ni 
may be in the form of Raney Ni. Although other hydroge 
nation catalysts may be used, the noble metals, Pt and Pd are 
preferred, more preferred is Pd. The catalytic metals could 
be used alone in ?nely divided particulate form, but pref 
erably they are supported on suitable support materials, 
preferably refractory inorganic support materials, such a 
carbon, alumina, silica, silica-alumina, titania, Zeolitic 
materials, and the like. In preferred embodiments of the 
present invention the metal is deposited onto the support by 
conventional catalyst preparation techniques in an amount 
betWeen about 0.1 to 5 Wt. %, preferably from about 0.3 to 
4 Wt. %, and more preferably from about 0.3 to 3 Wt. %. 
Conventional techniques for depositing the metal onto the 
support material include impregnation of the support With a 
solution of a noble metal compound folloWed by heating to 
decompose the noble metal compound, leaving a ?nely 
dispersed metal on the support. Other suitable methods, such 
a co-precipitation of the metal compound and the support 
material from solution can also be used. The hydrogenation 
reaction Will typically be conducted at temperatures from 
about 25° C. to about 150° C., preferably from about 50° C. 



5,990,354 
5 

to about 100° C. The reaction Will generally be carried out 
With a positive pressure, preferably betWeen 5 to 500 psig 
(69 to 6,900 kPa gauge), preferably about 20 to 200 psig 
(689 to 4,826 kPa). 

The hydrogenation catalyst may be treated With a small 
amount of hydrogen sul?de to minimize metal cracking 
and/or hydrogenolysis reactions. Metal cracking results in 
unstable species that form carbonaceous deposits and loss of 
catalytic activity. Similarly, a small amount of CO can be 
added to the hydrogen stream to inhibit these undesirable 
reactions. 

Hydrogen Will be maintained at mole ratios of about 2/1 
to 50/1 relative to the picric acid reacted to make triami 
nophenol. The preferred system can employ recycle of the 
hydrogen containing gas. The use of recycle hydrogen can 
lead to enhanced process efficiency in terms of operating 
costs. Under the reaction temperatures and pressures the 
picric acid containing solvent Will be liquid and the hydro 
gen a gas, so that a tWo-phase (gas/liquid) miXture Will be 
passed over the supported catalyst at a liquid hourly space 
velocity based on the picric acid of about 0.1 to 10 hr_1, 
preferably betWeen about 0.5 and 1 hr_1. The preferred 
liquid hourly space velocity Will depend upon the activity of 
the catalyst and the reaction temperature. The triaminophe 
nol produced from the hydrogenation of picric acid is passed 
to a ?rst hydrotreating Zone Where it is reacted With a 
hydrogen-containing treat gas in the presence of a 
hydrotreating catalyst at conditions Which are effective to 
remove the hydroXyl group from the triaminophenol, 
thereby producing triaminobenZene. The term “hydrotreat 
ing” as used herein refers to processes Wherein a hydrogen 
containing treat gas is used in the presence of a suitable 
catalyst Which is primarily active for the removal of 
heteroatoms, such as sulfur, oxygen, and nitrogen, With 
some hydrogenation of aromatics. Suitable hydrotreating 
catalysts for use in the present invention are any conven 
tional hydrotreating catalyst, particularly those Which are 
comprised of at least one Group VIII metal, preferably Fe, 
Co and Ni, more preferably Co and/or Ni, and most pref 
erably Co; and at least one Group VI metal, preferably Mo 
and W, more preferably Mo, on an inorganic refractory 
support material, preferably alumina. Other suitable 
hydrotreating catalysts include Zeolitic catalysts, as Well as 
noble metal catalysts Where the noble metal is selected from 
Pd and Pt. The Group VIII metal is typically present in an 
amount ranging from about 2 to 20 Wt. %, preferably from 
about 4 to 12%. The Group VI metal Will typically be 
present in an amount ranging from about 5 to 50 Wt. %, 
preferably from about 10 to 40 Wt. %, and more preferably 
from about 20 to 30 Wt. %. All metals Weight percents are 
on support. By “on support” We mean that the percents are 
based on the Weight of the support. For example, if the 
support Were to Weigh 100 g. then 20 Wt. % Group VIII 
metal Would mean that 20 g. of Group VIII metal Was on the 
support. Typical hydrotreating temperatures range from 
about 150° C. to about 400° C., preferably from about 250° 
C. to about 350° C., With pressures from about 50 psig to 
about 2,000 psig, preferably from about 200 psig to about 
800 psig. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

6 
The product from this ?rst hydrotreating Zone is triami 

nobenZene Which can be passed to a second hydrotreating 
Zone, using a catalyst selected from those described for the 
?rst hydrotreating Zone, and under conditions Which Will be 
effective for the removal of one or more amino groups. It is 
Within the scope of the present invention that only one 
hydrotreating Zone be present Wherein both the conversion 
of triaminophenol to triaminobenZene and the conversion of 
triaminobenZene to phenylenediamines simultaneously 
occur. 

What is claimed is: 
1. A process for converting ammonium picrate to 

m-phenylenediamine Which process comprises: 

a) reacting the ammonium picrate With a strong inorganic 
acid in an aqueous medium, thereby producing picric 
acid and the ammonium salt of the strong acid; 

b) separating said picric acid, from the ammonium salt, by 
dissolving it in an organic solvent; 

c) hydrogenating said picric acid With a hydrogenation 
catalyst at suitable conditions thereby converting the 
picric acid to triaminophenol; 

d) removing the hydroXyl group from said triaminophenol 
by reacting it With a hydrogen-containing treat gas in 
the presence of a hydrotreating catalyst, at suitable 
hydrotreating conditions, thereby converting said tri 
aminophenol to triaminobenZene; and 

e) removing one or tWo of the amino groups from triami 
nobenZene to produce the corresponding 
m-phenylenediamine, aniline, or primary aliphatic 
amines by reacting said triaminobenZene With a 
hydrogen-containing treat gas in the presence of a 
hydrotreating catalyst at suitable hydrotreating condi 
tions. 

2. The process of claim 1 Wherein the reactor used for the 
hydrogenation of picric acid step is a slurry reactor Which is 
effective for dissipating the heat generated during the hydro 
genation reaction. 

3. The process of claim 1 Wherein the hydrogenation 
catalyst is comprised of transition metal on an inorganic 
refractory support. 

4. The process of claim 3 Wherein the transition metal is 
a Group VIII metal. 

5. The process of claim 1 Wherein the hydrotreating 
catalyst used in steps c) and d) is selected from those 
comprised of a Group VIII metal selected from Ni and Co, 
and a Group VI metal selected from Mo and W, on an 
inorganic refractory support. 

6. The process of claim 1 Wherein steps c) and d) are 
combined. 

7. The process of claim 1 Wherein the strong acid is 
selected from the group consisting of nitric acid, sulfuric 
acid, and hydrochloric acid. 

8. The process of claim 3 Wherein the hydrogenation 
catalyst Was pretreated With an effective amount of sulfur in 
the presence of CO. 


